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(g) Optical fibre cleaving and splicing apparatus. 

@ Composite apparatus for preparing and posi- 
tioning tails of two optical fibres for fusion 
splicing and for effecting a fusion splice be- 
tween prepared and appropriately positioned 
tails comprises optical fibre cleaving apparatus 
(2-6). mechanically controlled fusion splicing 
apparatus 11, optical fibre holding devices 41, 
41' and associated transfer arms 31, 31' and a 
low voltage power source 61, the deaving and 
splicing apparatus, holding devices and as- 
sociated transfer arms being housed in a casing 
10 and the low voltage power source t>elng 
housed in a casing 60 which is separately for- 
med with respect to the casing 10. The low 
voltage power source 61 is electrically connec- 
ted to the high voltage circuitry of the splicing 
apparatus 1 1 by a flexible electric cable 65. The 
transfer anns 31. 31' w3l transfer a holding 
device 41, 41' from a first operating station in 
which an optical fibre tail is held nonnal to the 
scoring edge of a blade of the deaving ap- 
paratus 1 to a second operating station in which 
the optical flbre tall is held nonmal to the oonv 
mon axis of the fusion electrodes of the splicing 
apparatus 11 and in axial alignment with an 
optical fibre tail held by the other hdding de- 
vice, the prepared end (aces of the aligned 
optical fibres being disposed between the elec- 
trodes. 
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This invention relates to apparatus for effecting a 
fusion splice t)etween two optical fibres, one or each 
of which may be a component of an optical cabie. 

Effecting of a fusion splice between two optical fi- 
bres comprises three major operations, namely prep- 
aration of tails of the two optical fibres to be fusion 
spliced, positioning of the prepared tails of the two 
optical fibres for fusion splicing and fusion splicing of 
the prepared and positioned tails of the two optical fi- 
bres. 

In preparing and positioning tails of two optical fi- 
bres for fusion splicing, it is necessary to ensure 
that > 

(i) the tail of each optical fibre has a substantially 
flat end face lying in a plane radial to the fibre 
axis; 

(ii) the tails of the optical fibres are so disposed 
that the cores of the tails are in substantially axial 
alignment for optimum transfer of light from one 
fibre to the other, and 

(ill) the end faces of the axlally aligned tails of the 
optical fibres are spaced a predetermined dis- 
tance apart. 

The subsequent fusion splicing operation com- 
prises two stages which are effected in sequence. 
During the first of these two stages, the prepared taBs 
of the two optical f it>res are heated rapidly by means 
of an arc struck between electrodes disposed on op- 
posite sides of the tails of the optical fibres to a tem- 
perature such that at least the extreme end parts of 
the tails are In a softened state and, thereafter, during 
the second stage of the fusion splicing operation, the 
end part of one or each optical fibre is moved axlally 
towards and against the end part of the other optical 
fibre to a predetermined extent and at a predeter- 
mined rate for a predetermined period of time to en- 
able the aligned and softened end parts of the optical 
fibres to fuse together. 

It is an object of the present invention to provide 
improved composite apparatus for preparing and pos- 
itioning tails of two optical fibres for fusion splicing 
and for effecting a fusion splice between said pre- 
pared and appropriately positioned tails, which inv 
proved composite apparatus is substantially less ex- 
pensive and easier to use than the discrete apparatus 
hitherto proposed and used for effecting the afore- 
said major operations. 

According to the invention, the Improved compo- 
site apparatus comprises optical fibre cleaving appa- 
ratus comprising an elongate table for supporting a 
tail of an optical fibre, a blade having a scoring edge 
which extends In a rectilinear direction transverse 
with respect to the elongate table and, disposed be- 
yond each end of the elongate table, a device for so 
holding an optical fibre while it is being cleaved that 
the tail of the optical fibre is substantially normal to 
the scoring edge of the blade; splicing apparatus 
transversely spaced from and with respect to the 



elongate table of the cleaving apparatus and compris- 
ing an elongate table for supporting prepared and ax- 
ially aligned tails of two optical fibres and a pair of fu- 
sion electrodes transversely spaced on opposite 

5 sides of said elongate table intermediate of its ends 
with their axes in axial alignment and tying in a plane 
containing the scoring edge of the blade of the cleav- 
ing apparatus; and means for transferring each of 
said optical fibre holding devices between two oper- 

io ating stations. In the first of which operating stations 
the holding device is disposed beyond the adjacent 
end of the elongate tafcrfe of the cleaving apparatus 
and in the second of which operating stations said 
holding device is disposed beyond the adjacent end 

IS of the elongate table of the splicing apparatus, said 
transfer means being constrained to fru>ve the holding 
devices between said two operating stations in direc- 
tions lying in planes substantially parallel to the plane 
containing the scoring edge of the blade and the axes 

20 of the fusion electrodes. 

When the improved composite apparatus is to l)e 
used to prepare and position tails of two optical fibres 
for fusion splicing and to effect a fusion splice be- 
tween said prepared and appropriately positioned 

25 tails, one of said holding devices is moved to said first 
operating station and a length of optical fibre is so 
positioned in and held by the holding device that the 
tall of the optical fibre protrudes from the holding de- 
vice along the elongate table of the cleaving appara- 

30 tus and is substeintlally nornrml to the scoring edge of 
the blade. The optical fibre is then cleaved to provide 
the tall of the optical fibre with a substantially flat end 
face lying in a plane radial to the fibre axis, which tail 
is of a length determined by the distance between a 

35 datum Incorporated in said transfer means and the 
scoring edge of the blade. The holding device with ttie 
prepared tail of predetermined length gripped therein 
is then transferred by said transfer means to said sec- 
ond operating station so that the prepared end face 

40 of the taS of theoptical fibre held in the holding device 
is disposed between the electrodes of the splicing ap- 
paratus. The prepared end face of the cleaved tail is 
then arranged to be spaced a predetermined dis- 
tance from the plane containing the axes of the fusion 

45 electrodes of the splicing apparatus. The second of 
the two optical is then deaved and transferred to the 
second operating station using the second holding 
device so that the tails of the two optical fibres are in 
axial alignment on the elongate table of the splicing 

50 apparatus. The fusion splicing operation is then ef- 
fected. After the fusion spliced tails of the optical fi- 
bres are removed from the splicing apparatus by ap- 
propriate transfer of the holding devices, the fusion 
spliced optical fibres are removed from the holding 

55 devices. 

To facilitate removal of the fusion spliced tails 
from the splicing apparatus, the transfer means of the 
two holding devices may be adapted to be so detach- 
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ably coupled together that the holding devices can be 
transferred In unison from the second operating sta- 
tion. 

Preferably, the elongate tables of the cleaving 
and splicing apparatus are so disposed that their 
longitudinal axes are substantially parallel to one an- 
other. The transversely extending plane containing 
the scoring edge of the blade and the axes of the fu- 
sion electrodes preferably is centrally disposed be- 
tween the end faces of the elongate tables. 

The transfer means by which each optical fibre 
holding device is transferred between the first and 
second operating stations may take any convenient 
form but, preferably, the transfer means comprises at 
least one sut>stantiatly rigid arm which, at or near one 
of Its ends, carries one of the optical fibre holding de- 
vices and which, at or near its other end, is pivotally 
coupled with respect to the longitudinal axis of a fixed 
shaft which is positioned with its axis substantially 
midway between and parallel to the longitudinal axes 
of the elongate tables of the cleaving apparatus and 
splicing apparatus and which extends substantially 
normal to the plane containing the scoring edge of 
the blade and the axes of the electrodes, the pivotally 
mounted arm or arms being constrained to transfer 
said holding device between said two operating sta- 
tions in directions lying in a plane substantially paral- 
lel to the plane containing the scoring edge of the 
blade and the axes of the electrodes. The rigid arm 
or arms pivotally mounted on the shaft preferably is 
or are disposed between two stops axially spaced on 
and locked to the shaft and is or are urged against a 
flat inner face of one of said stops, which flat inner 
face lies in a plane parallel to the plane containing the 
scoring edge of the blade and the axes of the elec- 
trodes and constitutes said datum incorporated in the 
transfer means, by a spring carried by the shaft and 
disposed between the other stop and a transversely 
extending shoulder on the arm or one of the arms. In 
a preferred embodiment, each holding device com- 
prises two jaws which are urged together by associ- 
ated spring means and can be separated temporarily 
against the action of the spring means in order that 
a length of optical fibre can be disposed therebetw- 
een, one of the jaws being carried by one arm of 
transfer means consisting of two arnns and the other 
jaw being carried by the other of said two arms. 

The elongate table of the splicing apparatus pre- 
ferably has in its upper surface for accommodating in 
axial alignment the prepared tails of two optical fibres 
to be fusion spliced, an open-ended groove which ex- 
tends between the end fiaces of the table. Preferably, 
also, the upper surface of the elongate table of the 
splicing station has intermediate of the end faces of 
the table a longitudinally extending elongate recess 
for accommodating a preformed substantially rigid 
support member which, in additton to providing sup- 
port for the aligned taSs of the optical fibres during 
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the fusion splicing operation, can be used to provide 
permanent protection for the fusion splice. To acconv 
modate a support member which has an open-ended 
substantially rectilinear guide passage extending be- 

5 tween its ends and which has, at a position intermedi- 
ate of its ends for facilitating fusion splicing of aligned 
optical fibres, a slot or aperture which intersects said 
guide passage and extends transversely across the 
width of the support member, the elongate table of 

10 the splicing station preferably has intermediate of its 
ends a slot or aperture which intersects said elongate 
recess and extends transversely across the width of 
the table and which is in substantially axial alignment 
with the electrodes. Preferably, the elongate recess 

IS is centrally disposed between the end faces of the 
elongate table and the transversely extending slot or 
aperture of the elongate table is centrally disposed 
between the ends of the recess so that the lengths 
of the tails of two optical fibres to be fusion spliced will 

20 be substantially equal to one another. 

The optical fibre cleaving apparatus may take 
any convenient form which will reliably and repeated- 
ly provide each of a multiplicity of optical fibres with 
a substantially flat end face lying in a plane radial to 

25 the fibre axis. 

The optical fibre splicing apparatus may also take 
any convenient form which will automatically or semi- 
automatically effect a fusion splice between prepared 
and axially aligned tails of two optical fibres but. pre- 

30 ferably, the optical fibre splicing apparatus of the inr>- 
proved composite apparatus of the present invention 
is the optical fibre fusion splicing apparatus which is 
described and datmed in the specif bation of our co- 
pending Patent Application No.9207212.3 filed on 

35 2nd April, 1992 and which comprises an elongate ta- 
ble for supporting prepared and axially aligned tails of 
two optical fibres and a pair of fusion electrodes trans- 
versely spaced on opposite sides of said elongate ta- 
ble intermediate of its ends; high voltage circuitry for 

40 striking an arc t>etween said transversely spaced 
electrodes for fusion splicing axially aligned tails of 
two optical fibres positioned therebetween; devices 
disposed at or near opposite ends of the elongate ta- 
ble for directly or indirectly holding tails of two optical 

45 fibres that have been axially aligned on said table 
with their prepared end faces spaced a predeter- 
mined distance apart at a region intermediate of said 
holding devices and between said transversely 
spaced electrodes, at least a part of one of said hold- 
so ing devices being constrained to move to a limited ex- 
tent towards or away from the other holding device in 
a direction substantially parallel to axially aligned tails 
of two optical fibres when supported on said table so 
that when said part of the movable holding device is 

55 constrained to move to a limited extent towards said 
other holding device the tail held by the movable 
holding device will be moved axially towards the other 
tail; mechanical means for controlling movement of 

3 
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said part of said movable holding device towards said 
other holding device; and a master switch for actuat- 
ing said high voltage circuitry and said mechanical 
control means. The arrangement is such that when 
said switch is operated to cause an arc to be struck 5 
between the transversely spaced electrodes and to 
actuate said mechanical control means, the rate of 
controlled movement of said part of the movable hold- 
ing device towards the other holding device will be 
such that a predetermined period of time will elapse io 
between striking of the arc and abutment of the pre- 
pared end faces of the axiaily aligned tails of the fi- 
bres sufficient to bring said two tails to a softened 
state appropriate for fusion splicing and that, there- 
after, said prepared and softened end faces wHI be is 
urged into abutting relationship so that a fusk>n splice 
between said abutting axiaily aligned tails will be ef- 
fected. 

Preferably, whilst prepared and softened end 
faces of optical fibre tails are abutting and a fusion 20 
splice is being effected between the abutting axiaily 
aligned tails, the mechanical means for controlling 
movement of said part of the movable holding device 
towards the other holding device is also adapted to 
control limited movement of a least a part of one of 25 
said holding devices away from the other holding de- 
vice. 

Where the splicing apparatus of the improved 
composite apparatus of the present inventk>n is opt- 
ical fibre fusion splicing apparatus in accordance with 30 
the aforesaid co-pending patent application, after the 
first of the optbal fibres has been cleaved by the 
cleaving apparatus and the holding device gripping 
the prepared optbal fibre has been transferred from 
t he first operating station to the second operating sta- as 
tion. the movable part of the holding device is caused 
to move away from the other hokiing device so that 
when the tails of the two optical fibres are axiaily 
aligned on the elongate table of the splicing appara- 
tus their prepared end faces will be spaced a prede- 40 
termined distance apart between said transversely 
spaced electrodes. 

The mechanical means for controlling movement 
of said part of the movable device towards the other 
holding device preferably comprises at least one main 45 
spring so disposed as to ui^e said part of the movable 
holding device towards said other holding device at 
said predetermined rate when the or each main 
spring is actuated by operation of said master switch, 
and at least one damper which controls the rate of so 
movement of said part of the movable holding device 
under the actton of said main spring or springs to pro- 
vide a predetermined period of the sufficient to en- 
able the arc struck between said transversely spaced 
electrodes to bring axiaily aligned tails of two optical ss 
fibres to an appropriate softened state before the pre- 
pared and softened end faces of the tails abut. The 
or each damper may Itself be at least one supplemen- 



tary spring which is acting against the force exerted 
by said main spring or springs and which must be 
overcome by said main spring or springs. Alternative 
forms of damper that may be employed include pneu- 
matically and hydraulically controlled pistons and 
spring controlled rack and pinion devices. 

Where the mechanical means also controls limit- 
ed movement of at least a part of at least one of the 
holding devices away from the other holding device, 
preferably the two holding devices are so inter-en- 
gaged that when said part of the movable holding de- 
vice has been caused to move towards the other 
holding device under the action of said main spring or 
springs to a predetermined extent, said main spring 
or springs directly or indirectly causes or cause saM 
part of the other holding device to move to a limited 
extent away from said movable holding device. 

By way of example a typical period of time suffi- 
cient for the arc to bring the axiaily aligned talis of two 
optical fibres to an appropriate softened state is 0.5 
seconds; a typical period of time during which one 
softened tail is urged towards and against the other 
softened tail is one second and the time taken for a 
complete fuston splice to be effected is approximately 
three seconds. 

Since the cleaving apparatus can be of a relative- 
ly small size, positioning and reiath^e movement of 
the prepared and axiaily aligned tails to be fusion 
spliced are wholly mechanically controlled and the 
means for this purpose require little space, the conn- 
posite cleaving and splicing apparatus of the present 
invention has the very important advantage that the 
cleaving apparatus; the elongate support table, trans- 
versely spaced electrodes and high voltage circuitry 
for strOdng an arc between the electrodes of the splic- 
ing apparatus; and the longitudinally spaced holding 
devices and associated transfer and mechanical con- 
trol means can be housed in or on a casing which Is 
separately formed with respect to a casing housing a 
low voltage power source which can be electrically 
connected to the high voltage circuitry by a flexible 
electric cable. In practice, the casing housing the low 
voltage power source preferably is adapted to t>e clip- 
ped or otherwise supported on a belt worn by an op- 
erator and the casing housing the cleaving and splic- 
ing apparatus, the holding devk^es and associated 
transfer and mechanical control means can be of such 
a size that it can be readily held in a hand of an oper- 
ator. 

The composite apparatus of the present inven- 
tion for preparing and positioning tails of two optical 
fibres for fusion splicing and for effecting a fusion 
splice between said prepared and appropriately posi- 
tioned taSs has the additional important advantage 
that, after each optical fibre has been positioned in a 
holding device in the first operating station, no further 
handling of the optical fibres is necessary until after 
the fusion splice has been effected. 
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The invention is further illustrated by a descrip- 
tion, by way of example, of preferred composite ap- 
paratus for preparing and positioning tails of two opt- 
ical fibres for fusion splicing and for effecting a fusion 
splice between prepared and axially aligned taBs of s 
two optical fibres with reference to the accompanying 
drawings, in which 

Figure 1 is a diagrammatic pictorial view of the 

preferred apparatus; 

Figure 2 is a view from above of the preferred ap- io 
paratus with the holding devices In the first oper- 
ating stations and with the mechanical control 
means in the fired state, shown partly In section 
and partly in elevation; 

Figure 3 is a view from above of t he preferred ap- is 
paratus with the holding devices in the second 
operating stations and with the mechanical con- 
trot means in the loaded state, shown partly In 
section and in elevation; 

Figure 4 is a cross-sectional view of a transfer 20 
means of the preferred apparatus taken on the 
line IV - IV In Figure 2; 

Figure 5 is a cross-sectional view of the splicing 
apparatus taken on the tine V - V in Figure 3; 
Figure 6 is a cross-sectional view of the splicing 25 
apparatus with the mechanical control means in 
the fired state, taken on the line VI - VI in Figure 
2. and 

Figure 7 is a cross-sectional view of the splicing 
apparatus taken on the line VII - Vli in Figure 3. 30 
Referring to Figure 1 of the drawing, the prefer- 
red apparatus comprises deaving apparatus 1 , splic- 
ing apparatus 11 , optical fibre holding devices 41,41' 
and associated transfer devices 31 , 31 ' and a low vol- 
tage power source 61, the cleaving and splteing ap- 35 
paratus, holding devices and associated transfer de- 
vices being disposed in or on a casing 10 and the low 
voltage power source being housed in a casing 60 
which is separately formed with respect to the casing 
10. The low voltage power source 61 is electrically 40 
connected to the high voltage circuitry of the splicing 
apparatus 11 by a flexible electric cable 65. The cas- 
ing 60 of the low voltage power source 61 has secured 
to its outer surface a resilient dip 63 by means of 
which the casing can be supported on a belt worn by 45 
an operator. The casing 10 of the deaving and splic- 
ing apparatus Is of such a size that it can be held in 
the hand of an operator. 

As will be seen on referring to Figures 2 to 7 of 
the drawings, the cleaving apparatus 1 indudes an so 
elongate table 2 for supporting an optical fibre to be 
cleaved and the splidng apparatus 11 includes an 
elongate table 12 for supporting prepared and axially 
aligned optical fibre tails to be fusion spliced, the two 
elongate tables being transversely spaced apart with 55 
their longitudinal axes parallel to one another. Dis- 
posed at opposite ends of the deaving apparatus 1 
and splicing apparatus 11 are transfer devtees 31, 31' 



by means of which holding devices 4 1 , 41 ' for gripping 
optical fibres can be transferred from first operating 
stations, in each of which an optical fibre can be grip- 
ped with the tail of the fibre extending across and par- 
allel to the longitudinal axis of the elongate table 2 of 
the deaving apparatus 1, to second operating sta- 
tions, in each of which an optical fibre can be gripped 
with its prepared tail extending across and parallel to 
the longitudinal axis of the elongate table 12 of the 
splicing apparatus 11 and in axial alignment with the 
tail of an optical fibre gripped by the other of said 
holding devices 41, 41' when in said second operat- 
ing station. Each transfer device 31 , 31' comprises a 
fixed shaft 32 which is disposed on the casing 1 0 with 
Its axis midway between and parallel to the longitudi- 
nal axes of the elongate tables 2, 12, a pair of stops 
33, 34 axially spaced apart on and locked to the shaft 
and two rigid arms 35, 40 which, near one of their ad- 
jacent ends, are pivotally mounted side by side on the 
shaft between the stops and which, near the other of 
their ends, carry components of one of the optical fi- 
bre holding devices 41 , 41 '. To constrain each transfer 
device 31, 31' to move in directions lying in a plane 
normal to the longitudinal axes of the shaft 32 and of 
the elongate tables 2, 12, the parts of the rigid arms 
35, 40 pivotally mounted side by side on the shaft are 
urged by a coil spring 37 carried on the shaft and held 
in compression between the inner end face of the 
stop 34 and a shoulder 39 on the rigid arm 35 against 
the Inner flat end face 36 of the stop 33 lying in a 
plane normal to the axes of the shaft and of the elon- 
gate tables. 

The cleaving apparatus 1 also indudes two long- 
itudinally spaced pairs of damps 3 for damping the 
tail of an optical fibre held in one of the holding devic- 
es 41,41' in tension along the elongate table 2, an an- 
vil 4, a blade 5 having a redilinear scoring edge lying 
in the plane normal to the longitudinal axes of the ta- 
bles 2 and 12, and an operating button 6. When the 
operating button 6 is pressed, the pairs of damps 3 
will grip an optical fibre tail extending across the table 
2 so that the part of the tall between the pairs of 
clamps is In tension and the blade 5 will move in a di- 
rection normal to the longitudinal axis of the table to 
urge the tensioned part of the tail against the anvQ 4 
and to cause the edge of the blade to score the tail 
so that the tail is deaved to form, on the tail, an end 
face lying in the plane radial to the axis of the tail. 

The splicing apparatus 11 comprises the elon- 
gate table 12 and a pair of electrodes 13 transversely 
spaced on opposite sides of the elongate table Inter- 
mediate of its ends wit h the axes of the electrodes ly- 
ing in a plane normal to the longitudinal axis of the ta- 
ble and containing the scoring edge of the blade 5. 
High voltage circuitry (not shown) for striking an arc 
between the transversely spaced electrodes 13 is 
housed in the casing 10. The elongate table 12 conrv 
prises three separately formed component parts con- 
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sisting of two end parts 14 and an intermediate part 
15. The intermediate part 15 has an uppermost sur- 
face in which is formed an open-ended rectilinear 
groove 17 for accommodating uncoated tails of two 
optical fibres, the groove lying normal to the trans- 5 
versely-spaced electrodes 13. At each end of each 
end part 14 and in axial alignment with the groove 17 
in the uppermost surface of the intermediate part 15 
is an upstanding guide 18 for assisting in locatbn of 
an optical fibre in the groove 1 7. Intermediate of the io 
ends of the intermediate part 16 is a channel 1 9 which 
is normal to the rectainear groove 17 and which is in 
alignment with the transversely-spaced electrodes 
13. 

Each holding device 41, 41' of the associated is 
transfer device 31, 31' is a two-part damp assembly 
consisting of a jaw 42 fixed with respect to the rigid 
arm 40 and a jaw 43 carried on a spindle 44 which is 
mounted in the rigid arm 35 parallel to the fixed shaft 
32. The two jaws 42,43 are urged together by asso- 20 
dated spring means (not shown) and can be separat- 
ed temporarily against the action of the spring means 
in order that an optical fibre tail can be disposed be- 
teen the jaws. The clamping surface of the jaw 42 is 
of a material having a low co-efficient of friction; the 2S 
clamping surface 45of the jaw 43 is of a material hav- 
ing a high co-efficient of fnctbn. 

The jaw 43 of each holding device 41 , 41' is urged 
to move to a limited extent relative to the fixed jaw 42 
towards the other holding device in a direction paral- 30 
tel to the rectilinear groove 17 in the uppermost sur- 
face of the intermediate part 15 of the elongate table 
12 by a main coil spring 48 which is carried by the 
spindle 44 between an internal surface of the rigid 
arm 35 and a stop 49 on the spindle. 35 

Pivotalty mounted on a f bead main shaft 30 which 
is secured to the casing 1 0 and which extends parallel 
to the rectilinear groove 17 in the uppermost surface 
of the intermediate part 15 of the elongate tafcile 12 
between the transfer devices 31 , 31 ' is a carriage 20 40 
in which a lever 21 is pivotally mounted about a fixed 
spindle 22 which is normal to the main shaft. The ex- 
tent of pivotal movement of the lever 21 can be deter- 
mined by means of two adjustable stops 23, 24 dis- 
posed in the carriage 20 on opposite sides of the lev- 45 
er so that an electrical contact 25. which is carried by 
but electrically Insulated finom the lever and which is 
connected by an insulated electric cable (not shown) 
to the control circuit of the high voltage circuitry, will 
abut one or other of the stops when the lever is piv- so 
oted about the spindle 22. In the loaded position of 
the splicing apparatus 11 as shown in Figure 3, the 
electrical contact 25 of the lever 21 is urged against 
the stop 23 by a damping coil spring 27 and associ- 
ated damper 28 carried by shaft 26 mounted in car- ss 
riage 20 and extending parallel to the main shaft 30. 
The lever 21 has between its ends a stud 50 which ex- 
tends into a hole 29 in one side wall of the carriage 



20 and which is in abutting engagement with the free 
end of the spindle 44 of the holding device 41 mount- 
ed in the rigid arm 35, thereby, as shown in Figure 3, 
resisting motion of the jaw 43 under the action of the 
main coil spring 48 towards the holding device 41'. 
The main coil spring 48, the damping spring 27 and 
associated damper 28 and the pivotally mounted lev- 
er 21 constitute the principal components of the con- 
trol mechanism of the splicing apparatus 11. 

Loading of the control mechanism to the loaded 
position shown in Figure 3 can be effected by means 
of a loading button 52 which is slidably mounted on a 
shaft 51 which is housed in the carriage 20 and which 
extends parallel to the main shaft 30. Secured to and 
dependent from the loading button 52 is a cranked 
lever 53 which near its free end has a hole through 
which the shaft 26 protrudes and which near its free 
end abuts a stop 54 at the free end of the shaft By 
sliding the loading button 52 In the direction of arrow 
A (Figure 6). the control mechanism can be loaded as 
shown In Figure 3. Actuation of the control mecha- 
nism can be effected by depression of the firing but- 
ton 55 which constitutes the master switch and is 
mounted on the top of the carriage 20 and which Is 
adapted to release a stop 56 temporarily preventing 
extension of the damping spring 27. 

The carriage 20 also has immediately above the 
b-ansversely extending channel 19 in the Intermedi- 
ate part 15 of the elongate table 12 an internally 
screw threaded hole 57 in which a microscope (not 
shown) can be detachably connected. 

The casing 10 of the cleaving and splicing appa- 
ratus has an on/off switch 58 by means of which elec- 
trical power nnist be switched on before the appara- 
tus can be employed. The high voltage circuitry asso- 
ciated with the transversely-spaced electrodes 13 is 
conventional and will therefore not be described. 

in a nriodif tcation of the splicing apparatus 11 as 
shown in Figures 2 to 7. to facilitate feeding of optical 
fibres into the slotted guides 18 and rectilinear groove 
17 of the elongate table 12, the electrodes 13 may be 
housed in the pivotally counted carriage 20. 

When using the preferred composite apparatus 
to prepare and position tails of two optica fibres for 
fusion splicing and to effect a fusion splice between 
the prepared and axlally aligned tails of two optical 
aligned fibres, with the control mechanism in the fired 
state as shown in Figure 2 and with the electrical pow- 
er switohed on by means of the on/off switch 58, the 
holding device 41 is moved to the first operating sta- 
tion and a length of optical fibre is so positioned and 
held by the holding device that the tail of the optical 
fibre protrudes from the jaws 42. 43 of the device 
along the elongate teble 2 of the cleaving apparatus 
1 normal to the scoring edge of the blade 5. The op- 
erating button 6 of the cleaving apparatus 1 is then 
pressed to cause the pairs of damps 3 to grip the tail 
and hold the part of the teil between the pairs of 
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clamps in tension and to cause the blade 5 to cleave 
the tensioned tail and provide it with a flat end face 
lying in a plane normal to the fibre axis. The cleaved 
tail will be of a length determined by the distance be- 
tween the end face 35 of the stop 33 and the plane 5 
containing the scoring edge of the blade. By pivotal 
movement of the transfer device 31, the holding de- 
vice 41 gripping the prepared tail is moved to the sec- 
ond operating station so that the prepared tail of the 
optical fibre is positioned in the rectilinear groove 17 io 
of the elongate table 12 of the splicing apparatus 11 
with its prepared end face lying in the plane contain- 
ing the axes of the electrodes 13 and in the trans- 
versely-extending channel 19. The loading button 52 
is then slid on the shaft 51 in the direction of arrow A is 
(Figure 6) to bring the control mechanism to the load- 
ed state as shown in Figure 3 so that the prepared 
end face of the cleaved tail is spaced at the required 
distance from the plane containing the axes of the 
electrodes 13» typically 50 micrometres. The holding 20 
device 41' is then nr>oved to the first operating station 
and a length of optical fibre is so positioned in and 
held by the holding device that the tall of the optical 
fibre protrudes from the holding device along the 
elongate table 2 of the cleaving apparatus 1 and 25 
cleaving of the second optical fibre tail is then effect- 
ed as before. The transfer device 31' is then pivoted 
so that the holding device 41' is moved to the second 
operating position in which the prepared tail of the 
second optical fibre is positioned in the rectilinear 30 
groove 17 of the elongate table 12 of the splicing ap- 
paratus with its end face lying in the plane containing 
the axes of the electrodes 13 and in the transversely- 
extending channel 9. The master switch constituted 
by the firing txjtton 55 is then depressed to actuate 3S 
the control mechanism. 

On depression of the firing button 55, the stop 56 
is released and the damping spring 27 gradually ex- 
tends to reduce the force acting against the main 
spring 48. As the force exerted by the damping spring 40 
27 gradually reduces to a value approximating to the 
force exerted on the stud 50 of the lever 21 by the 
main spring 48. the lever begins to pivot about the 
shaft 22 away from the adjustable stop 23 and to- 
wards the adjustable stop 24. The interruption of 4S 
electrical contact between the electrical contact 25 
and the adjustable stop 23 effected by pivotal move- 
ment 21 causes an arc to be initiated between the 
transversely-spaced electrodes 1 3 to bring the tails of 
the optical fibres to a softened state. The initiation of so 
the arc is thus synchronised with the initiation of piv- 
otal movement of the lever 21. The damped rate of 
pivotal movement of the lever 21. and hence the 
damped rate of movement of the jaw 43 of the two- 
part damp assembly 41 and of the optical fibre held 55 
between the jaw 43 andf ixed jaw42» towards the two- 
part damp assembly 41' is such that the time which 
elapses during the initiation of pivotal nnovement of 



the lever, consequent initiation of movement of the 
jaw 43 of the two-part damp 41 and of the optical fi- 
bre taO held between the jaw 43 and the fixed jaw 42. 
the consequent initiation of the arc and the subse- 
quent abutment of the prepared ends of the optical fi- 
bre tails is a predetermined period, typically 0.2 sec- 
onds, sufficient to allow the prepared ends of the tails 
to achieve an appropriate softened state before they 
abut one another. 

Pivotal movement of the lever 21, and hence 
stuffing of the abutting ends of the tails, continues un- 
til the electrical contact 25 of the lever abuts the ad- 
justable stop 24. thus limiting the distance by which 
the softened prepared ends of the tails are stuffed to- 
gether after abutment 

At the end of the interval between the initiation 
of the arc and the abutment of the prepared and soft- 
ened ends of the optical fibre tails, the power of the 
arc is increased to a level such that the ends of the 
tails fuse together to form a substantially longitudin- 
ally continuous optical fibre. The arc then continues 
to fire for a predetermined period, sufficient to allow 
the surface tension of the molten tails to correct any 
misalignment of the fibre axes, before being automat- 
ically extinguished. The time taken for a complete fu- 
sion splice to be effected by the splidng apparatus 11 
is typically 5 seconds. 

When the optical fibre fusion splice has been 
completed, the spliced fibres can be renx>ved from 
the splicing apparatus 11 and mechanical protection 
for the fusion splice can be provided. The holding de- 
vices 41. 41' can then be transferred to the first op- 
erating stations by pivotal movement of the rigid arms 
35 as described for preparing and positioning the tails 
of two further optical fibres for fusion splidng and for 
effecting a fusion splice between the prepared and 
axially aligned tails of the further optical fibres. 



Claims 

1- Composite apparatus for preparing and position- 
ing tails of two optical fibres for fusion splicing 
and for effecting a fusion splice between said pre- 
pared and appropriately positioned tails, charac- 
terised in that the composite apparatus compris- 
es optical fibre deaving apparatus (1) comprising 
an elongate table (2) for supporting a taH of an 
optical fibre, a blade (5) having a scoring edge 
which extends in a rectilinear direction transverse 
with respect to the elongate table and. disposed 
beyond each end of the elongate table, a device 
(41,41') for so holding an optical fibre whilst it is 
being deaved that the tail of the optical fibre is 
substantially normal to the scoring edge of the 
blade; splicing apparatus (11) transversely 
spaced from and with respect to the elongate ta- 
ble of the deaving apparatus and comprising an 
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elongate table (12) for supporting prepared and 
axtally aligned tails of two optical fibres and a pair 
of fusion electrodes (13) transversely spaced on 
opposite sides of said elongate table intermedi- 
ate of its ends with their axes in axial alignment 5 
and lying in a plane containing the scoring edge 
of the blade of the cleaving apparatus; and 
means (31,31') for transferring each of said opti- 
cal fibre holding devices between two operating 
stations, in the first of which operating stations io 
the holding device is disposed beyond the adja- 
cent end of the elongate table of the cleaving ap- 
paratus and in the second of which operating sta- 
tions said holding device is disposed beyond the 
adjacent end of the elongate table of the splicing is 
apparatus, said transfer means being constrain- 
ed to move the holding devices between said two 
operating stations in directions lying in planes 
substantially parallel to the plane containing the 
scoring edge of the blade and the axes of the fu- 20 
sion electrodes. 

2. Composite apparatus as claimed in Claim 1 , char- 
acterised in that the transfer means (31,31') of 

the two holding devices (41,41*) are adapted to 25 
be so detachably coupled together that the hold- 
ing devices can be transferred in unison from the 
second operating ^tion. 

3. Composite apparatus as claimed in C\a\m 1 or 2, 30 
characterised in that the elongate tables (2,12') 

of the cleaving and splicing apparatus (1,1') are 
so disposed that their longitudinal axes are sub- 
stantially parallel to one another. 

35 

4. Composite apparatus as claimed in Claim 3, char- 
acterised in thatthe transversely extending plane 
containing the scoring edge of the blade (5) and 
the axes of the fusion electrodes (1 3) is centrally 
disposed between the end faces of the elongate 40 
tables. 

5. Composite apparatus as claimed in Claim 3 or 4, 
characterised in that the transfer means (31 .31') 

of each optical fibre holding device (41 ,41 ') comv 45 
prises at least one substantially rigid arm which, 
at or near one of its ends, carries one of the opt- 
ical fibre holding devices and which, at or near its 
other end, is ph^otally coupled with respect to the 
longitudinal axis of a f bced shaft (32) which is so 
positioned with its axis substantially midway be- 
tween and parallel to the longitudinal axes of the 
elongate tables (2.12) of the cleaving apparatus 
(1 ) and splicing apparatus (11) and which extends 
substantially normal to the plane containing the ss 
scoring edge of the blade (5) and the axes of the 
electrodes (13), the pivotatly mounted arm or 
arms being constrained to transfer said holding 



device between said two operating stations in di- 
rections lying in a plane substantially parallel to 
the plane containing the scoring edge of the 
blade and the axes of the electrodes. 

6. Composite apparatus as claimed in Claim 5, char- 
acterised in that the rigid arm or arms of said 
transfer means (31,31') pivotally mounted on the 
shaft (32) is or are disposed between two stops 
(33.34) axiaily spaced on and locked to the shaft 
and is or are urged against a flat inner face (36) 
of one of said stops, which flat inner face lies in 
a plane parallel to the plane containing the scor- 
ing edge of the blade (5) and the axes of the elec- 
trodes (13). by a spring (37) carried by the shaft 
and disposed between the other stop (34) and a 
transversely extending shoulder (39) on the arm 
or one of the arms. 

7- Composite apparatus as claimed in Claim 6, char- 
acterised in that each holding device (41,41') 
comprises two jaws (42.43) which are urged to- 
gether by associated spring means and can be 
separated temporarSy against the action of said 
spring means in order that a length of optical fibre 
can be disposed therebetween. 

8. Composite apparatus as claimed In Claim 7, char- 
acterised in that the bansfer means (31,31') of 
each optical fibre holding device (41 ,41') consists 
of two arms (35,40) pivotally mounted side by 
side on said shaft (32) between said stops 
(33,34) , one of the jaws of the optical holding de- 
vice being carried by one arm and the other jaw 
of the holding device being carried by the other 
of said two arms. 

d. Composite apparatus as claimed In any one of 
the preceding Claims, characterised In that at 
least a part (43) of one of said optical fibre hold- 
ing devices (41) is constrained to move to a linv 
ited extent towards or away from the other optical 
fibre holding device (41') in a direction substan- 
tially parallel to the longitudinal axis of the elon- 
gate table (12) of the splicing apparatus (11) so 
that when said part of the movable holding device 
is constrained to move to a limited extent towards 
said other holding device the tail of an optical fi- 
bre held by the movable holding device will be 
moved axiaily towards the tail of an optical fibre 
held by the other holding device and wherein the 
splicing apparatus also includes high voltage cir- 
cuitry for striking an arc between said transverse- 
ly spaced fusion electrodes (13), mechanical 
means for controlling movement of said part of 
said movable device towards said other holding 
device and a master switch (55) for actuating said 
high voltage circuitry and said mechanical control 



BNSOOCID: <EP p52B636A1_l_> 



15 



EP 0 528 636 A1 



16 



means, the arrangement being such that when 
said switch is operated to cause an arc to be 
struck between the transversely spaced fusion 
electrodes and actuate said mechanical control 
means, the rate of controlled movement of said s 
part of the movable holding device towards the 
other holding device will be such that a predeter- 
mined period of time will elapse between striking 
of the arc and abutment of the prepared end 
faces of the axially aligned tails of the fibres suf- io 
f icient to bring said two tails to a softened state 
appropriate for fusion splicing and that, there- 
after, said prepared and softened end faces will 
be urged into abutting reiattonship so that a fu- 
sion splice between said abutting axially aligned is 
tails will be effected. 

10. Composite apparatus as claimed in Claim 9. char- 
acterised in that the mechanical means of the 
splicing apparatus (11) for controlling movement 20 
of said part (43) of the movable holding device 

(41) towards the other holding device (41') is also 
adapted to control limited nnovement of at least a 
part of at least one of said holding devices away 
from the holding device whilst prepared and soft- 25 
ened end faces of optical fibre tails are abutting 
and a fusion splice Is being effected between the 
abutting axially aligned tails. 

1 1. Composite apparatus as claimed In Claim 9, char- 30 
acterised in that the mechanical means control- 
ling movement of said part (43) of the movable 
holding device (41) towards the other holding de- 
vice (41') comprises at least one main spring (48) 

so disposed as to urge said part of the movable 3S 
holding device towards said other holding device 
at sakl predetermined rate when the or each main 
spring is actuated by operation of said master 
switch (55), and at least one damper (27.28) 
which controls the rate of movement of said part 40 
of the movable holding device under the action of 
said main spring or springs to provide a predeter- 
mined period of time sufficient to enable the arc 
struck between said transversely spaced electro- 
des (1 3) to bring axially aligned tails of two optical 45 
fibres to an appropriate softened state before the 
prepared and softened end faces of the tails abut. 

12. Composite apparatus as claimed in Claim 11, 
characterised in that the damper or at least one so 
of the dampers is at least one supplementary 
spring (27) which is acting against the force 
exerted by said main spring or springs (48) and 
which must be overcome by said main spring or 
springs. 55 
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